SCF-MO calculations, using the MINDO/3-FORCES method, are reported for the equilibrium geometry, vibration frequencies and IR absorption intensities of 6-radialene, considering the planar and chair form. The chair conformation is found to be more stable. The C=C stretching frequencies of the chair form are found to be higher than those of the planar ones. The =CH 2 bending frequencies of the planar form are higher than those of the chair form. Also the PM3 method was used for the calculation of the vibration frequencies. Its results are compared with those of the MINDO/3-FORCES method.
Introduction
The radialene molecules (3R, 4R, 5R and 6R, Fig. 1 ) form a class of cyclic hydrocarbons (CH) 2n possessing n ring atoms and n exocyclic double bonds. Since 1962 [1] these molecules attracted much attention because of their unique properties. Thus [6] -radialene may be considered as hexamethylene cyclohexane in which all ring carbons are sp 2 -hybridized.
The synthesis and characterization of [6] -radialene were performed applying different experimental techniques [2 -3] . Due to its instability, caused by its quick polymerization at room temperature, it was not possible to find its geometry applying X-ray diffraction. Much attention was paid to its derivatives [4 -6] . Theoretical studies on them, using the ab initio method, were done by Galasso [7] and Tyutyulkov et al. [8] . Kubba studied theoretically the vibration spectrum of [3] -radialene, applying the MINDO/3-FORCES method [9] .
Also the present study is based on the MINDO/3-FORCES method, which was developed by Shanshal et al. [10] . Such a treatment yields the equilibrium geometry and energy of molecules, in addition to their fundamental vibration frequencies (3N − 6) and IR absorption intensities.
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The solution of this equation yields both the vibration frequencies (λ = 4π 2 c 2 ν 2 ) and vibration mode eigenvector coefficients (L), which are utilized in evaluating the atomic partial participation (APP) values, the partial contribution of each atom to the molecular vibration [10] . The coefficients L allow a graphical description of the vibration modes in the molecule when introduced in the DRAW.MOL routine developed by Abed et al. [13] (Fig. 2) .
In the present work, Dewar's MINDO/3 program [14] and the PM3 methods [15] were used for the calculation of the vibration frequencies of the two conformers of [6] -radialene. Dewar's MINDO/3 and MINDO/3-FORCES programs yielded similar results.
Results and Discussion
The MINDO/3-FORCES treatment of [6] -radialene showed that the chair form is more stable than the planar form. It is known that this method overestimates the H f values of cyclic planar unsaturated molecules by approximately 40% [16] . Considering this factor, the calculated H f values are 94 kcal/mol for the planar and 81 kcal/mol for the chair form. The PM3 [15] treatment yields for the same molecule 95 kcal/mol for the planar and 98 kcal/mol for the chair form. However, due to the fact that the lowest gradient value (dE/dq i ) acceptable for the geometry optimization process in MINDO/3-FORCES is ≤ 10 −5 au/au, which is lower than the acceptable gradient value in PM3, we prefer the relative order of stability as predicted by the MINDO/3-FORCES method. The evaluation of the relative stability of the chair over the planar form agrees with the experimental findings reported in [17] .
The evaluation of the vibration frequencies was carried out for the equilibrium geometry of each conformer after minimizing its total energy as a function of all its 3N cartesian coordinates. The equilibrium ge- Table 1 .
The values in Table 1 show similar C=C and C-C bond lengths for both conformations. The unusual small values of HCH bond angles may be attributed to the strain caused by the crowding of the HCH groups, which seems to be of bigger conformational influence in the planar than in the chair form. This is seen through the values of the bond angles of the planar form (HCH 107.4 • ) compared to those of the chair form (HCH 109.9 • ) (Fig. 3) . The C-C-C angles of the planar form are 120 • , those of the chair form are smaller (113.0
• ), obviously due to the bigger strain of the chair form.
The planar conformation of [6] ν sym(= CH 2 str.) > ν asym(= CH 2 str.), Figure 4 shows the graphical representation of some vibration modes of 6R (planar conformation) as drawn through the DRAW.MOL routine [13] . The fundamental vibrations (3N − 6) of the chair form with D 3d symmetry are classified into the follow- 
where A 1g and E g are Raman active and IR inactive, and A 2u and E u are IR active and Raman inactive. Due to the center of symmetry in the molecule, the mutual exclusion holds here too. Inspection of the frequency values in Table 3 reveals the following relations: ν asym(= CH 2 str.) > ν sym(= CH 2 str.) (in contrast to that of the planar form) δ (= CH 2 sciss.) > δ (= CH 2 rock.), γ (= CH 2 wag.) > γ (= CH 2 twist.). Figure 5 shows the graphical representation of some vibration modes of 6R (chair fonformation) as drawn through the DRAW.MOL routine. Inspection of the frequencies in Tables 2 and 3 reveals the following interesting results:
Comparison of the calculated frequencies with the few available experimental ones, shows the better agreement of the chair form frequencies with the experimental ones. This is true for all vibration modes, and particularly for the frequency 764 cm −1 , which seems to be completely absent in the planar form. The comparison of the calculated with the experimental vibration spectra indicates the chair conformation is the stable one 6R.
